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Abstract
The accuracy in the determination of the fixed proportion of
two hetero bi-functional reactive azo-dyes on cotton cellulose
was studied in the present paper. One direct and two indirect
(indirect I and indirect II) analytical methods were used in the
experiments. ANOVA (Analysis of Variance) statistical method
was used to evaluate the precision of the measurements. The
most reliable results could be achieved by using the indirect I
method, while the indirect II method was much inferior. The use
of direct method, being definitely more complicated than any of
the indirect ones, produced least accuracy.
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1 Introduction
About sixty per cent of cellulose textile products are dyed
with reactive dyes. The fact that 1150 different reactive dyes
have been registered in the Colour Index and this number has
been increased by 23 new dyes yearly, demonstrates the men-
tioned importance [1].
The hydrolysis of reactive dyes simultaneously with their
binding by cellulose could not be overcome completely so far
[2]. To reduce water pollution and to improve the economy of
dyeing by means of increase in the proportion of the fixed dye
content has been common interest in dye-houses. To elaborate
appropriate dyeing technologies with new types of high fixation
reactive dyes are international targets of R&D activities. This
tendency generated the idea to analyse and to compare the ac-
curacy of the most frequently used analytical methods for the
determination of dye fixation.
All related published methods are well known also in details.
In certain cases dyed samples are dissolved in concentrated
sulphuric acid for the evaluation of their dye contents in the
reactive dyeing. The absorbance of the obtained solution has
been measured subsequent to its dilution by distilled water. The
fixed dye content in the dyeing is calculated by relating this ab-
sorbance to the initial concentration (through absorbance) of the
dye-bath [3]. This procedure is mentioned in this paper as the
“Direct Method”.
The “Indirect I method” for the calculation of the fixed dye
content is based on the measurement of remaining dye content
of the dye-bath together with that of the rinsing solutions [4].
“Indirect II” method combines the reflexion measurement of
the sample with the absorption measurement of the dye-bath,
resulting in K/S values [5].
The purpose of our work was to determine precision of three
selected methods for measuring the fixed dye content on cotton
fabric dyed with heterobifunctional reactive dyes [6].
To compare precision of the studied methods the analysis of
variance (ANOVA) technique was chosen [7].
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2 Materials and methods
2.1 Materials and equipments
Bleached and mercerized cotton fabric (surface density: 109
g/m2 )
Two heterobifunctional reactive azo dyes (abbreviated codes
B and C) (Table 1).
• Mathis Labomat BFA-12 laboratory dyeing equipment
• HP UV-VIS 8452 A diodarray spectrophotometer
• DATACOLOR Microflash reflection spectrophotometer
2.2 Methods
2.2.1 Dyeing experiments
Cotton fabric samples (5 g each) have been dyed in three days,
three repeated samples per day with two reactive dyes separately
(B and C) in two nominal dye concentrations (0.6 g dye/100g
fabric and 3.0 g dye/100g fabric, liquor ratio= 1:50). The dyeing
procedure is shown by Fig. 1.
18 B dyeings and 18 C dyeings have been obtained there-
after. The levelness of the dyeings had to be checked one by
one. Colour difference was tested at five selected spots in each
dyed sample. The obtained within-sample colour difference in
each case was negligible (1E∗ab <0.3).
Rinsing in 250 ml different liquids by the following treat-
ments:
1 distilled water at ambient temperature for 5 minutes
2 acetic acid solution (pH=5,5) at 50 ˚C for 5 minutes
3 distilled water at 90 ˚C for 5 minutes
4 distilled water at 95 ˚C for 5 minutes
5 distilled water at 50 ˚C for 5 minutes
6 distilled water at ambient temperature for 5 minutes.
2.2.2 Methods for the determination of the fixed dye con-
tent
2.2.2.1. Direct method
0.1 g undyed fabric (conditioned before weighting at 65% rel-
ative humidity and 21˚C) was dissolved in 10 ml concentrated
sulphuric acid at 0˚C. 7 dye solutions (from 5 · 10−3 g/l through
6 · 10−2 g/l) were prepared in 10 ml distilled water from both
dyes separately. The concentrated sulphuric acid solutions was
mixed very carefully with the respective prepared dye solution
prior to their dilution to 25 ml by distilled water. Absorbance vs.
concentration calibration curve was constructed for both dyes.
To determine the actual dye content of samples 0.1 g dyed
fabric (from 5±0,01 g dyed sample) was dissolved in 10 ml con-
centrated sulphuric acid at 0˚C. This solution was very carefully
poured into 10 ml distilled water and the mixture filled up to
25 ml by distilled water. The same procedure was followed with
the undyed fabric sample. The dye content of the studied sample
was determined through the difference of absorbances measured
for the dyed and undyed samples (dyed Ad , white Aw, respec-
tively) (Eq. 1).
Ad − Aw = A f (1)
where A f is the absorbance attributed to the covalently fixed
dye content of the studied fabric.
Commercial dyes contain not only the pure dye compound.
This was considered by using the calibration function obtained
with the same dye product. The fixed dye content of the samples
was recalculated for 5 g.
2.2.2.2. Indirect I method
After dyeing the exhausted dye bath and the rinsing liquors
were united before diluting the mixture to 2000 ml by distilled
water. The fixed dye concentration was calculated from the ab-
sorbance of this mixture (Au f ) and that of the initial bath (A0)
(Eq. 2).
c f i xed [%] = 100
(
1− Au fA0
)
(2)
2.2.2.3. Indirect II method
This method is based upon the combined application of ab-
sorption and reflection spectra. The absorbance of the dye bath
has to be measured prior to (Ap) and subsequent to (As) the dye-
ing procedure. The dyed fabric sample was taken out from the
dye bath and after squeezing and drying its reflection spectrum
was measured (R1). The same dyed fabric was washed care-
fully with distilled water and dried at 105˚C and its reflection
spectrum was also determined (R2). The respective K/S values
have been calculated by means of the Kubelka-Munk equation
(Eq. 3).
K
/
S = (1− R)
2
2R
= αc (3)
From the K/S values obtained the fixed dye content was cal-
culated as follows (Eq. 4):
cfixed[%] =
[
(1− As
Ap
)
(K
/
S)2
(K/S)1
]
n100 (4)
2.3 Evaluation of the determination methods of the fixed
dye content through analysis of variance
The effect of factors influencing the experimental results and
the random error of measurement has been assessed by analysis
of variance.
The conditions for applying the analysis of variance method
are:
• random fluctuation of residuals (difference between the mea-
sured and calculated values) around zero, checked graphi-
cally,
• normal distribution of the residuals, checked by Normal prob-
ability plot,
• and homogeneous variances.
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Tab. 1. Studied dyes
Abbreviated code Type* Formula Molar mass [g/mol]
B BMCTV S 940
C CMCTV S 1066
*MCT= monochloro-triazine, VS= vinyl sulphonyl
Three factors, which influence the experimental results have
been studied in the direct and indirect I methods:
α effect of the day of experiment, random factor,
B effect of the concentration of dye, fixed factor,
γ effect of repeated dyeings.
The following model has been used (Eq. 5):
yi jkl = µ+ αi + B j + αBi j + γk(i j) + εl(i jk) (5)
where:
yi jkl is the dye proportion obtained on the i-th day, with
j-th concentration, k-th repeated dyeing, and l-th re-
peated measurement,
µ is the mean value of the fixed proportion,
αi is the effect of the i-th day,
B j is the effect of the j-th dye concentration,
αBi j is the interaction between the i-th day and j-th dye
concentration,
γ k is the effect of the k-th repeated dyeing
εl(i jk) is the (analytical) measurement error in the l-th re-
peated analysis.
The dyeing experiment was performed under the following
conditions: i = 1, 2, 3 days, j=1,2 dye concentrations and the
dyeing experiment was repeated 3 times (k=1,2,3). In the di-
rect method there were not any repeated chemical analysis, thus
l ≡1, while in the indirect methods 3 repetitions have been per-
formed (l=1,2,3).
The concentration was evaluated at 5 different locations on
the textile in the indirect II method and this procedure has estab-
lished a further random factor.
Consequently the model has been modified as follows:
yi jklm = µ+ αi + B j + αBi j + γk(i j) + δl(i jk) + εm(i jkl) (6)
Fig. 1. Dyeing procedure
where:
δl(i jk) is the effect of the l-th location, random factor, reflect-
ing the inhomogeneity of the fixed dye content along
the fabric,
εm(i jk) is the (analytical) measurement error in the m-th re-
peated analysis.
The Statistica 7.0 software was used for mathematical analysis.
3 Results and discussion
No difference could be distinguished between B and C dye-
ings according to the ANOVA calculations. Consequently de-
tailed discussion follows only for the C dyeings while only the
box-plot will be evaluated in details for the B dyeings.
For dye C the residuals (difference between the measured and
calculated values) were checked for all 3 methods. The residuals
scatter around zero without any systematic behaviour.
The Normal probability plot of residuals is shown in Fig. 2
for C dyeings.
The residuals in the plot scatter around a straight line, thus the
normal distribution of residuals can be accepted.
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Fig. 2. The probability plot of residuals for C dyeings calculated by the data
obtained by (a) direct method, (b) indirect I method and (c) indirect II method
Results of the Bartlett test supports also the assumption of
homogeneity of variances (not shown here).
All conditions of the ANOVA have been fulfilled; conse-
quently its application has been justified.
Tab. 2. Simplified ANOVA table for the evaluation of the direct method for
C dyeing
Factors and Error DF MS F p
α 2 60.313 1.21 0.452
B 1 445.978 8.98 0.096
αB 2 49.669 2.25 0.148
γ 12 22.097 0.34 0.977
Error 36 65.897
Fig. 3. Median-quartile box-plots for B dye (a: direct method, b: indirect I
method, c: indirect II method)
Where
MS mean square,
p probability value (if it is small, the null hypothesis of
lack of effect is rejected),
DF degree of freedom, depends on the number of measure-
ments and the number of levels of factors
F the F test statistic from the ratio of mean squares.
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Fig. 4. Median-quartile box-plots for C dye (a: direct method, b: indirect I
method, c: indirect II method)
From the results (Table 2) it can be concluded that none of the
factors has significant effect at 0.05 level. The variance of the
measurement was 65.9 % for the direct method, thus the stan-
dard deviation of measurement error can be estimated as 8 %.
The corresponding value for the B dyeing has been 5.2 %.
The day factor (αi ) has no significant effect on the calculated
results as p > 0.05 whereas, the impact of the nominal dye
concentration proved to be significant (p < 0.05) (Table 3).
Tab. 3. Simplified ANOVA table for the evaluation of the indirect I method
for C dyeing
Factors and Error DF MS F p
α 2.000 0.571 15.14 0.062
B 1 60.904 1616.68 0.001
αB 2 0.038 0.18 0.835
Error 12 0.205
Where
MS mean square,
p probability value (if it is small, the null hypothesis of
lack of effect is rejected),
DF degree of freedom, depends on the number of measure-
ments and the number of levels of factors
F the F test statistic from the ratio of mean squares.
Tab. 4. Simplified ANOVA table for the evaluation of the indirect II method
for C dyeing
Factors and Error DF MS F p
α 2 2.530 1.998 0.334
B 1 9267.357 7318.157 0.000
γ 12 0.327 1.071 0.397
αB 2 1.266 3.876 0.050
δ 72 0.305
Error 0 0
Where
MS mean square,
p probability value (if it is small, the null hypothesis of
lack of effect is rejected),
DF degrees of freedom, depends on the number of mea-
surements and the number of levels of factors
F the F test statistic from the ratio of mean squares.
The estimated variance of repetitions was 0.205 %, and this
included both the fluctuation due to replicated dyeing and to the
repeated chemical analysis, thus the standard deviation of mea-
surement error could be estimated as 0.453 %.
The corresponding value for the B dyeing has been 0.52 %.
The dye concentration has significant impact on the experi-
mental data (p < 0.05) also in case of indirect II method (Ta-
ble 4). It is found that the use of reflectance does not give reli-
able results at high K/S values.
The estimated variance for differences among the measured
data has been 0.305 %2, thus the standard deviation of measure-
ment error can be estimated as 0.552 %.
The corresponding value has been 0.344 % for the B dyeing.
The nature of variation of the measurement results is well vi-
sualized in the median-quartile box-plot. The small rectangle in
the middle of the box is the median, the edges of the box are the
quartiles, the whiskers show the range of data. This kind of plot
may uncover extent and asymmetry of the distribution as well.
The above mentioned data are shown in Figs. 3a, 3b and 3c for
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Tab. 5. Summarised data establishing conclusions
Dye Method
Direct Indirect I Indirect II
Abbreviated Nominal dye concentration Fixed dye ANOVA variance Fixed dye ANOVA variance Fixed dye ANOVA variance
code [g dye/100g fabric] content[%] [%] content[%] [%] content[%] [%]
B
0.6 83.3
5.20
85.3
0.52
84.5
3.20
3.0 86.0 85.4 86.5
C
0.6 69.5
8.12
71.4
0.45
75.5
3.12
3.0 75.2 75.1 73.3
B dye and on Figs. 4a, 4b and 4c for C dye. The values situated
beyond the whiskers have to be considered as outliers (extremes
are statistically not valuable abnormal data).
4 Conclusions
The dependence of the fixed dye content on two dye concen-
trations and the respective method dependent variance compo-
nents are shown for B and C dyes in Table 5.
Nearly equal fixed dye content has been found by the three
methods. The fixed dye content proved to be independent of the
nominal dye concentration in the selected range probably there-
fore because even the higher dye concentration was not close
to saturation.
The variance component values however are different for the
three methods.
The most precise was the indirect I method. Less favourable
was the indirect II method and the worst one was the direct
method. The last one was in addition the most complicated and
unfavourable in all respects.
For the explanation of the deviation in the fixed dye content
between the hetero bifunctional reactive B and C dyes the dif-
ference in chromophore structure might be most probable.
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